Objective: To assess the extent to which intensity and timing of televised anti-smoking advertising emphasizing the serious harms of smoking influences quit attempts. Methods: Using advertising gross rating points (GRPs), we estimated exposure to tobacco control and nicotine replacement therapy (NRT) advertising in the 3, 4-6, 7-9 and 10-12 months prior to follow-up of a replenished cohort of 3037 Australian smokers during 2002-08. Using generalized estimating equations, we related the intensity and timing of advertising exposure from each source to the likelihood of making a quit attempt in the 3 months prior to follow-up. Results: Tobacco control advertising in the 3-month period prior to follow-up, but not in more distant past periods, was related to a higher likelihood of making a quit attempt. Each 1000 GRP increase per quarter was associated with an 11% increase in making a quit attempt [odds ratio (OR) 5 1.11, 95% confidence interval (CI) 1.03-1.19, P 5 0.009)]. NRT advertising was unrelated to quit attempts. Conclusions: Tobacco control advertising emphasizing the serious harms of smoking is associated with short-term increases in the likelihood of smokers making a quit attempt. Repeated cycles of higher intensity tobacco control media campaigns are needed to sustain high levels of quit attempts.
Introduction
Recent reviews of the published literature have concluded that there is strong evidence that televised public health-sponsored mass media campaigns to encourage smoking cessation can increase quitting and contribute to reductions in adult smoking prevalence [1, 2] . Aside from the kind of messages broadcast, the population response of smokers to mass media campaigns is likely to be a function of the extent of population exposure to those messages, as determined by both the intensity and the duration of media campaigns. The extent of advertising that needs to be broadcast to achieve optimum population response is a critical research question for funding agencies because it points to the level and duration of campaign investment that can most efficiently achieve population changes.
Some studies have attempted to use a proxy measure of population quit attempts, such as relating variable campaign advertising investment or advertising rating points (a measure of estimated population exposure) to the volume of calls to a telephone Quitline [3] [4] [5] [6] . Given that only a small minority of smokers will ever call a Quitline [7] , a broader population-based examination of behavioural outcomes is critical to guide campaign investment decisions.
Some studies point to the possibility that advertising exposure may need to be greater to be able to influence adult smoking than youth smoking. For youth, threshold levels for detecting beneficial effects may exist around 300 advertising gross ratings points (GRPs) per quarter [8] and effects may begin to diminish at levels above 1250 GRPs per quarter [9] , with linear increases in between [8] [9] [10] . Among adults, Hyland et al. [11] found that an average of 700 GRPs per quarter over a 2-year period in 1999-2000 was only weakly associated with quitting by 2001. A more recent cohort study of Massachusetts adult smokers found that a mean of 2100 GRPs per quarter over a 2-year period prior to baseline was significantly associated with quitting 2 years later [12] .
Aside from the intensity of advertising, another important aspect of understanding how campaigns might influence smoking behaviour is the extent to which effects are detectable after the campaign broadcast ends, otherwise known as campaign carry forward, 'adstock', or campaign decay [13] , hereafter referred to as 'decay'. Consumer product advertising experience shows that although some advertising may be recalled long after broadcast ends, most media campaigns primarily have their effects on 'behavioural changes' while being broadcast and for a short time following [2, 13] .
A few studies in tobacco control specifically demonstrate that this may also be the case for media campaigns to change tobacco use. For example, a short-term cohort study in Australia found an increase in adult quitting activity was sustained for at least a month following the onset of a 2-week mass media campaign that promoted the serious health harms of smoking [14] . Youth smoking susceptibility in Minnesota decreased during the broadcasting of a youth smoking prevention media campaign but had increased 6 months after the end of the campaign [15] . A time series analysis of the association between advertising exposure and smoking prevalence pointed to a rapid decay of the beneficial effect of tobacco control advertising on smoking prevalence [16] .
In aggregate, these studies suggest that we need to know much more about campaign exposure levels and the rate of campaign decay in driving behaviour change at the population level. The primary aim of the current study was to investigate the effects of exposure intensity and the durability of tobacco control mass media campaigns on increasing the likelihood of quit attempts. Increasing the rate of quit attempts in a population has been demonstrated to be a critical ingredient for reducing overall population smoking prevalence [7, 17] .
Methods

Design
We merged estimates of population exposure to televised anti-tobacco advertising and nicotine replacement therapy (NRT) advertising from commercial media monitoring sources for specific media markets to a cohort study of quit attempts among adult smokers, using data collection date and postcode information. Participants' smoking characteristics taken from the first five waves of data (2002-06) were used to predict quit attempts at the follow-up waves 1 year later (2003-07).
Survey participants and measures
Participants were drawn from the first five waves of the Australian arm of the International Tobacco Control Four (ITC-4) Country survey, with follow-up data collected annually from 2003 to 2007. A detailed description of the ITC-4 Country study aims and methods can be found in Thompson et al. [18] . Briefly, participants were first recruited as smokers using stratified random digit dialling methods to try to obtain a representative sample of the smoking population and were surveyed using computer-assisted telephone interview. Smokers were then followed up at approximately 1-year intervals. An incentive of AUD$15 was provided after each survey to promote retention. Additional participants were recruited each year to replace those lost to attrition.
To be categorized as having made a quit attempt at follow-up, smokers needed to respond 'yes' to the question as to whether they had made a quit attempt since their last survey interview approximately 1 year beforehand and to have indicated that the time since most recent quit attempt was less than or equal to 90 days. Other smokers were assigned as Since intention to quit might conceivably be associated with responsiveness to media messages, we controlled for this potential confounder. We identified whether the participant had an interest in quitting from responses to the following question asked at the commencement of each survey wave: 'are you planning to quit smoking within the next month, within the next 6 months, sometime in the future, beyond 6 months or are you not planning to quit?' Responses were dichotomized into yes or no as an indication of their interest in quitting. Responses to the number of cigarettes smoked per day and time to first cigarette of the day were combined from the baseline survey to form the Heaviness of Smoking Index (HSI) [19] , resulting in a 7-point scale ranging from 0 (low) to 6 (highly addicted).
We included the following as covariates in the analysis: age at first baseline interview, gender, state of residence, time in the study in months, survey wave (Waves 2 through 6), the number of months between baseline and follow-up survey interviews and quarter of the year. Responses to the number of cigarettes smoked per day and time to first cigarette of the day were combined from the first baseline survey to form the HSI [19] , resulting in a 7-point scale ranging from 0 (low) to 6 (highly addicted). We also adjusted for low, middle and high socioeconomic status (SES) on the basis of a variable that combined reported income and educational attainment at the first baseline survey. Low SES was defined as having either income below AUD$30 000 per annum or a low/moderate education level. Middle SES was defined as an income between AUD$30 000 and $59 000 and a moderate education level, or as income between $60 000 and $99 000 and low education or as having income below $30 000 and high education. High SES consisted of people with income above $100 000, or else income between $30 000 and $59 000 and high education or income between $60 000 and $99 000 and moderate education. Those with missing income data were classified on the basis of education alone.
Advertising exposure data
Occurrences of all tobacco-related advertisements appearing on television for the major Australian media markets from June 2002 to February 2008 were acquired from OzTAM Pty Ltd (North Sydney, Australia). Estimates of advertising exposure were assessed with television-monitoring devices and self-completion viewing diaries. Advertising exposure data are based on individual ratings of television programs obtained by monitoring household audiences across media markets. Ratings provide an estimate of the percentage of households with televisions watching a program in a media market over a specified period. The advertising exposure measure is based on GRPs for the population aged 18 years and older, with 1000 GRPs per quarter representing an average of 10 potential advertisement exposures for all adults within a media market. GRPs represent average potential exposure: actual exposure for any given individual would vary on the basis of the frequency of actual television viewing and attention to the advertisements within television programs.
GRPs were acquired for the two sole sources of tobacco-relevant television advertising in Australia: tobacco control advertising (from state and national governments or other public health organisations) and direct-to-consumer advertising of NRT by pharmaceutical companies. In Australia, it is important to appreciate that mass media campaigns have been a feature of the tobacco control environment for around 25 years, with states such as Victoria and Western Australia commencing their campaign activity in the 1980's [20] . Also, unlike some other countries where message themes and target audiences have been variable, the vast majority of advertising messages are aimed at adult M. A. Wakefield et al.
smokers and stress the serious health harms of tobacco use. A national mass media campaign was launched in 1997 with broadcast period of around 5 years, which used graphic images of serious smoking-related disease to emphasize the certain effects of smoking to adult smokers and promoted the message that 'every cigarette is doing you damage' [21] . During the 2000s, including the period covered by the present study, state-based mass media campaigns aimed at adult smokers have constituted the vast majority of population exposure, with most being messages for adults depicting the serious health consequences of smoking through graphic images, the use of personal stories or simulated demonstrations of health effects. A broadly representative sample of these ads is available at http://www.quit.org.au/ browse.asp?ContainerID=1585 [22] . Only a very small minority of state-based advertising featured the health effects of secondhand smoke or was aimed principally at youth. Advertising GRPs from pharmaceutical companies for NRT, which commenced in Australia in 1995, were also aggregated. There has been no television advertising for other pharmaceutical smoking cessation products.
We constructed variables representing each respondent's potential exposure to each source of advertising prior to their survey date. These variables were three-monthly (quarterly) summed aggregations of the GRPs occurring in the media market in which they resided for the 3 months leading up to the date of the follow-up survey, 4-6 months prior, 7-9 months prior and 10-12 months prior.
Statistical analysis
The outcome was a binary variable representing the occurrence of a quit attempt in the 3 months prior to completing a follow-up survey. We regressed quit attempts on prior exposure to tobacco control advertising and NRT advertising. The models used generalized estimating equations (GEE) for binary outcomes. This method correctly accounts for the longitudinal study design (multiple observations clustered within individuals). Variance was calculated using cluster robust standard errors.
Our candidate set of predictors consisted of variables measuring interest in quitting and heaviness of smoking (both in the previous wave), baseline measures of age, gender, SES and state, a variable for each individual that represented number of waves in the study, number of months between surveys and the quarter of the year in which the data were collected. Our modelling strategy closely followed that proposed by Hosmer and Lemeshow [23] , namely univariate analysis (using GEE), followed by fitting an initial multivariate model with all predictors identified at the univariate stage as having P < 0.25. On the basis of these results, we then modified the model by sequentially refitting the equation to identify all significant predictors as well as any confounders. Our final model consisted of seven covariates, including two confounders (survey year quarter and state), which although non-significant, appeared to modify the values of other estimates in the model.
We undertook additional analyses to examine whether the association between quit attempts and GRPs was non-linear using GRPs 2 . We also tested whether the effect of GRPs on quitting was modified by interest in quitting from the previous wave by including terms for the product of GRPs and interest in quitting. Finally, we tested the sensitivity of our results by re-estimating the final model using bootstrap estimation with 2000 replications. All analyses were undertaken in Stata 11.1. Table I shows that, of the 3037 participants, 62.7% had not made a quit attempt in the 90 days prior to any of the follow-up interviews they completed, whereas 27.0% had made one attempt, 7.3% had made two, 2.2% had made three and 0.9% had made four or five. Age group was broadly distributed and just over half of smokers were of low SES. As expected from Australia's population distribution and the sampling strategy, the majority were residents in New South Wales, Victoria and Queensland. Table II indicates the mean tobacco control advertising exposure over each consecutive 3-month period prior to the follow-up interview. While the Mass media campaign exposure mean level of advertising was similar for each period, the standard deviations indicate that there was wide variation between individuals introduced by their residence in different media markets and the date of follow-up survey. Table II also shows the variability in mean tobacco control advertising exposure by media market for the 3-month period prior to follow-up interview. In general, the mean level of GRPs was higher in the metropolitan markets (largely comprising capital cities) than in the regional markets. Finally, Table II displays the mean NRT GRPs for each of the periods examined, indicating variability in exposure of individuals to NRT advertising within each period. Table III shows that at the univariate level, tobacco control GRPs in the 3 months prior to the follow-up survey, but not past periods, were associated with a greater likelihood of making a quit attempt over the same period. NRT GRPs were also unrelated, except for the period 10-12 months past, where they were associated with 'a reduced' likelihood of making a quit attempt, although this effect disappeared in the multivariate analyses. Baseline interest in quitting and heaviness of smoking, age and the time-related variables all had strong univariate associations with quit attempts. There was only weak evidence that quit attempts differed between states, while gender and SES were unrelated to quit attempts.
Results
Table III also shows that in the final model, tobacco control advertising in the 3 months prior to the follow-up survey was positively associated with quit attempts over the same period, such that each increase of 1000 GRPs over the 3-month period was associated with an 11% increase in the odds of making a quit attempt [odds ratio (OR) = 1.11, 95% confidence interval (CI) 1.03-1.19]. There was no evidence that this relationship was non-linear since refitting the final model with an additional term for GRPs 2 did not provide a better fit to the data (P = 0.343). NRT GRPs were unrelated to quit attempts in the initial multivariate model and were dropped from further analysis.
Respondents who had an interest in quitting in the previous year had 2.42 times the odds of making a quit attempt compared with respondents who had no interest in quitting (95% CI 2.05-2.85, P < 0.001). An interaction term between baseline interest in quitting and GRPs in the previous 3 months was non-significant (P = 0.868), indicating that GRPs increased quit attempts to a similar extent among both groups.
Refitting the final model using bootstrap estimation did not result in appreciably different standard errors and CIs (e.g. for tobacco control GRPs, OR = 1.11, 95% CI 1.03-1.19, P = 0.008). This suggests that the conclusions from the final model are fairly robust and not likely to be due to the increased chance of detecting significant effects when several models are fitted on the same set of data. For the purposes of interpretation, Fig. 1 shows the probability of making a quit attempt for different levels of tobacco control GRPs in the 3 months leading up to the date of the follow-up survey. These values are derived from predictions using the final model where GRPs are allowed to vary from their minimum observed value to the maximum, and all other covariates are held constant at their observed values. At zero GRPs (0), the model predicts the probability of making a quit attempt in the 3 months prior to being surveyed is around 20%. At the mean value of approximately 1296 GRPs over 3 months, the predicted probability of making a quit attempt is 22.5% and rises to 27% at the maximum value of 3880 GRPs over a 3-month period, the highest level studied.
Discussion
We found that tobacco control media campaigns are associated with a significant increase in the proportion of smokers who make quit attempts in the months during advertising exposure but not for advertising exposure that is more than 3 months old. This supports past suggestions that there are relatively short-term carry-forward effects of campaigns on quit attempts. In the public health literature, the notion that mass media campaigns might provide a time-limited trigger for prompting behaviour change has not been well appreciated, with some lamenting the absence of long-term effects of only short-run campaigns. Funding authorities often assume that after a period of initial investment, media campaigns might be expected to require very little ongoing support [24] . This suggests a basic misunderstanding of the capability of mass media campaigns to produce durable effects on behaviours like quitting smoking. Our results instead underline the need for repeated cycles of broadcasting of mass media campaigns to achieve sustainable population changes in smoking behaviour.
We found that recent campaign exposure prompted quit attempts even among those not interested in quitting at baseline. This provides support for Mass media campaign exposure a recent body of work which indicates that, rather than moving through a series of sequential stages in the quitting process, between 37 and 52% of adult smokers are prompted to quit with little planning and can move from a position where they were not previously thinking about quitting to making a quit attempt [25] [26] [27] . Furthermore, spontaneous quit attempts appear to have at least a similar likelihood of success as those that are delayed [28] and unplanned attempts seem at least as successful as those that are planned [26, 27] . In Australia, baseline quit attempt activity is relatively high [14, 29] and anti-smoking mass media campaigns are a frequent reason cited for trying to quit [M. McCarthy, J. Abbott, M. Wakefield, submitted for publication.]. Within the recent 3-month period, the fact that we did not find a diminishing return on quit attempts at higher levels of campaign exposure suggests that even in this population who evidence relatively high quit attempt activity, further increases in tobacco control media campaign investment could be expected to efficiently result in additional population increases in quit attempts. The fact that NRT advertising was unrelated to quit attempts in this population is worthy of comment. Our findings are consistent with a previous time-series study in Australia which found that while tobacco control advertising accelerated declines in smoking prevalence, NRT advertising did not [16] . Arguably, the main aim of NRT advertising is not to promote quit attempts but to direct those trying to quit to use a particular product as an aid when they do try.
Limitations of the study include the use of GRP data as the measure of media campaign exposure. GRPs represent estimates of exposure at the population level and smokers within media markets may receive more or less exposure depending upon how much television they watch and their television program selection. However, GRPs do correlate well with recall of advertising [8, 30, 31] . A second potential limitation was that our outcome measure was a self-report of making a quit attempt in the past 3 months and our advertising exposures needed to be aggregated accordingly to cover this 3-month period. More fine-grained aggregations at the monthly or weekly level, if sample size permitted, would have furnished more detailed information about the decay of advertising effects. In this respect, future studies might employ weekly or monthly cross-sectional tracking surveys undertaken during and after broadcasting to further investigate campaign decay effects [32] . Thirdly, we did not adjust for the different styles of tobacco control campaigns that were broadcast over the period that may have had different rates of decay. Biener et al. [33] found that recall of hard-hitting ads was greater than for other ads and suggests that decay may be attenuated for these kinds of campaigns. Continuous tracking of graphic ads illustrating health harms of smoking has suggested different effects for different executions [32] . Although the majority of Australian campaign advertising did use this style of message, our aim was to examine the effects in aggregate of tobacco control campaigns. In fact, a strength of our study is that our campaign exposure and outcome measures are not tied to any one specific campaign but are average effects of these styles of campaigns in general. Assessing the effects of individual styles of campaigns on quitting attempts remains a question for further study.
As suggested by Hill and Marks [24] , a mass media campaign ought to be considered as akin to holding down a spring in driving behaviour change, restraining the very powerful forces that otherwise promote smoking behaviour. Once campaign broadcasting ends and the factors that promote smoking are allowed to regain dominance, the higher rate of quit attempts declines. Our study results are entirely consistent with this perspective and lend support for ongoing investment in media campaigns to reduce smoking prevalence.
